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The scienceof aerotechnicsisnotyet ao faradvancedas

to givebeforehandcompieteinformationconcerningallthequal-

itiesof a projectedaircraft.Indeed;we doubtwhetherthe

sciencewilleverbe developedso far. A newprojectwillal-

waysbe a risk,andto a muchhigher degreeastheproject

differsfronthosewhichhavehithertoturnedoutwell. Thefi-

nal judgmentc= notbe givenbeforetheprojectisput intcex-

ecution.

Howeverthescienceof aerotechnicsis ableto givea cer-

tainamountofusefulinfor~ationconcerninga newproject.The

greatertheriskof a newproject,the~oredesirableis it to

applythisinformationwhichthe

thusto diminishtheunavoidable

dynemicsin itspresents-~ateis

forthedevelopmentof aircrtit”,

scienceis ableto give,snd

riskasfar aspossible.Aero-

wellableto givevaluablehints

ad to snowbeforehandthecer-

tainfailureof&anya project,themoneyandtimefortheexecu-

tionofwhichcouldbetterhavebeensavedor employedfor a more

promisingpioject.
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TheCaproniCQmpa.nyrecentlybuilta seaplaneofunusual

design,thepictureof whichwaspublishedinmostaerotechni-

Galjournals.The~ainsupportingsurfacesc&sistedofthree

triplazzesintandem,thelowerwingsbeingattachedto a hull

whichwasdescribedasprovidi~-accowodationfora hundredpas-

sengers.Thechiefcharacteristicswere:

Totalweight 53,000lhs.

Totalhorsepower 3,200Ke

Totalwingsarface 7,770sq.ft.

span 108f-t●

At oneofthefirstflightsthe seaplanefellintoa lake,

nosedown,andwasdestroyed.

We wishto showin thispaperthatthisfailurecouldhave

beenpredicted.It is notintendedto examinethedetailsof

theairplanewhichzmenotyetknowntous. We willonlyconsid-

er in certainrespectsandin a rou~hzsnnertheperfor~anceto

be expected,andexaminein a ranneras rough.,butquitesuffic-

ientforthepresentpurpose,thelongitudinalstability~the

lackofwhichhas causedthelossof theseaplsae.

ThePerformance.

Theparasitelldr~iiof the ~eaplane,wtthrespectto the

dynamicalpressureincludingtheparasitedragofthewings$tiat

is to say,theentiredragof the seaplaneexceptingthe induced

dragofthewings,canbe ass~ed tobe CD S . q , whereS denotes

theentireareaof the=in:s, cl)
a constantwhichcanbe roughly
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estimatedtobe .04fortheCapronisesplane,andq = 1/2p V,2

thedyn~icalpressurecorrespcndin~to thevelocityof fli@t

V andto thedensityof theair p . Theinduceddragisx
~z

b2 q m

L denotingtheentireweight,andb thespanof thewings. The

gapof thetriplanesisnottakenintoconsiderationinthisex-

pression,butforthepresentroughestimationitcanbe omitted.

Theentiredr~ is the sumofthetwo,i.e.,

(1) D = L2
CD s ●q+

. b’ qn

Let q be theefficiencyof thepropellers.

horsepoweris

(2] P “n =vzcD. s.q+y L2
-b qfi

q, tiled@mmiealpressure,1/2p V*,containsthe

P thedensity,dependschiefly on thealtitude

Thenthethrust

squareof V.,

snddecreases

about3.27%foreachthousandfeet. Inthepresentcalculation

we willassumesealevel. Forconstantdensityanda particular

airplanethev~ue of therighthadsideof (2)dependsonlyon

theveiocityV; and (2)canbe consideredas an equationifith .t

oneunknownquantity,if thehorsepoweris given. By solvingit

thegreatestvelocitypossibleis obtained.Thissolutionis

performedmostconvenientlyby substitutionandtrial. <

x SeeReportNo.114.
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Equation(2)holdstrueonlyiftheseaplane

a constantheight*If it is climbing,theenergy

makeit risemustbe suppliedby thepropellers.

locitywillaccordinglybe smaller.Thevertical

is flyingat

requiredto

Theflightve-

velocityhas

itsgreatestvaluewhenthepowerrequiredforsupportingthe

seaplaneis smallest.Forthenthedifferencebetweenthepower

deliveredby thepropellersandthatabsorbedby theseaplane,

is largest;andit is thisdifferencewhichis atdisposalfor

climbing.Henceit,isusefulto knowthevalueof thesmallest

requiredpowerandatwhatvelocityit occurs.We obtainthe

conditionof smallestpowerby differentiatingtheexpression

of thepower,therighthandsideof (2),withrespectto the

velocityV

(3) o =30Dsq- L2
b2 qm

Thesaaretheequationswhichwe intendto apply.By sub-

stitutingtheparticularvaluesandchoosingfeet,poundsand

secondsas units,butusingm.p.h.asunitofvelocity,we ob-

tainfromequation(2):

(2a) 3,200X 550xO.7 = O*O4x 7?70x 1 x @
1.47 390

+ 53.0002X390x Lx+
1082 Tr.

(2b) 1,840,000= 796V3 +29.900,000
v

Thatis,V = 85mi./hr.,themaximumvelocityof flight.

Thedifferentiationof therighthandsideof (2b)gives
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(3a) 2.39V2 - 29.900,000= Q
P

f

v= 129,900,000= 59.5mi./hr.
2.39

Therequiredpoweratthisvelocityis

U3c) qP=EO. 796. 59.53+ 29s&o:mo ] 1.4’7— = 1,810HP. 550.

Theentireavailablepower,if theefficiencyof thepropel-

lersis takenas 7U~,is3,200x 0.7= 2,240HP;sothereremains

forclimbing
.

2,240- 1,810= 430HP

Therateof climbingis ~ = 4~3xO~ow= 4.5ft./see.
>

Thiscorrespondsto 220secondsfor1000feet.

Thecslcul.ation,of course,is onlyrough:,andcangiv’eon-

anindicationas to theperformanceto be expected.The tal-ly

oulationcouldbe improvedverymuchifmoredetailswereknown

andtakenintoconsideration.Forthepresentpurpose,however,

theresultisexact

At firstsight

enough.

TheLongitudinal8tability.

thedimensionsof the Caproniseaplaneseem

,almostto be incompatiblewithlongitudinalstability.Anysec-

tionof wi~ usedinpracticehasa forwardmotionof thecenter

of pressure,if theangleof attackis increased.Hencetheyare

longitudinallyunstableandrequirea speoia3.contrivancefor

eanterbal.anoing=ordinarilya tailplane. TheCaproniseaplane

hasno tailandno special.tailplane.
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Now it istruethatthethirdtriplanecanactas a tail

planeif itsangleof attackis correspondinglysmallerthan

thoseof thefirsttwot&iplanes.Inthiscasethefirsttwo

tziplanesmustsupportthecraftalmostby themselves,andthe

thirdtriplaneactsonlyas stabilizer.Buteventhenit seems

dtibtfulwhetherthe instabilityof thewingscanbe counter-

bshnced$as a tailplsneis onlyabletobe effectiveif there

isnottoomuchwingareain front

Forthepresentpurposeit is

monoplanetitha tailplanebehind

of it.

Sufficientto showthisfora’

it. Theresultobtainedfor

it canbe regardedas thefirgt

rangerzentgofwings.

Thetailplaneis situated

approximationforanyotheraw

in thedownwashproducedby the

wingin frontof it. Itseffectiveangleof attackaccordingly

is saklle?thanthe actual(orgeometrical)angleof attack.

Thedifferenceequalsthesnglebetweenthedirectionof flight

andthedirectionof flowof the surroundingairrelativeto the

airplsne.Hencetheliftis generallysmallerthsnitwouldbe

withoutt,heexistenceofthedownwash.

LetthigdifferencebetWeenthe actualandtheeffective‘,
angleof atiackbecalledthe vinducedangleof attack~$itbe-

i~ causedby thewingsinfrontof thetailplane. Iti.Spro-

portionalto thecoefficientof liftof thewings,andat the

sametitie,to the actual=gle of attackof thetailplane,

Whenceit.‘followsthattheratic?of theactualandtheeffeotive

angleof.,attackis--constantandindependentof theangleoz the
..
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velocity.Thepercentageby whichtheeffectiveangleof a%=

tackis smallerthantheactualangleispracticablyconstant

for

the

a particularairplw.emd dependsonlyon thedimensionsof

airplane.

Themorewingareainfrontof thetailplane,thegreater

istheratioof theinducedangleto theactual~-le, andif

theareainCreases more ~d ~ore, we ~rive at lastat a limit,

wheretheinducedangleis asgreatas theactualone. In this

casetheeffectiveangleiszero,andthetai-1planehas always

thesameangleof attackwithrespectto theairsurroundingit.

Henceit canno longerproducestabilizin~forces.Ifthearea

of thewingsis increasedstillmore,theeffectiveangleeven

becomesnegativeandtheairplaneis lessstablewiththetail

planethsnwithoutit.

Tomakethisideapracticallyuseful, we VVZ1lproceedto

calculatet-heratioof thetwoangles.Thiscsnbe doneapprox-

imatelyin general.At smallanglesof at~ackthecoefficient
Lof liftof theusualsections,S .q , increasesby about0.1,

iftheeffectiveangleof attackincreasesby 1°. Thiseffec-

tiveangleis notidenticalwiththeactualangle.Evenif

thereisno otherbodyintheneighbotiood,thewingis surround-

edby downwashproducedby itself. Theangleof attackcoresp-

onding to thisdowrmashisproperlycalledthe~selfinduced~

~~le of attack.For a particularcoefficientof liftthe ef-

fectiveangleof attackmustbe ?ncreasedby thisself-induced

actualsngle.The self-induced
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angle of attackhas a msgnit-.xie*

(4) ~i= JJ2 x 5?.3°=
‘n ~~

%Sx
1-i -Dz

asisprovedtiddemonst~atea elsewhere.**

57.30

Theangleof attack

inducedat somedtstantebehir.dthewinghasalnosttwicethis

magnitude.Themathematicaltheorygivesexactlytwicethemsg-

nitude,andexperimentshaveshowna msgnitudeof about10%less

than

lift

must

twicetheself-inducedangle.

Thatis allwe need. For , increasingthecoefficientof

by a certainamountAcL,theeffectiveangleof attack

be increasedby 10°. A c;,theself-inducedangleincreas-
57.3° s &esby — R ~2 ~, and thereforethe aotualanglemustbe

increasedby thesumof these;

Theinducedangleof attack

timeincreasesby

(6) 2Aai=2Ac 5?.30
LY”

behindthewingatthessme

Theincreaseof theeffectiveangleof attackof thetail

planeis thedifferencebetween{5]and(6),thatis

(7)

Thetailplaneis ineffectiveif

bracketsis zero. In orderto obtain

#*l

the expression in the

a stabilizingeffectwe

* TechnischeBerichte,Vol.11>p. 187.
** ReportNo.114.
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~
b2 < ().55

If we takethe smaller amountof thedownwashbehindthe

win=s,obtainedhy actualtests,we obtainas a Iimit

(8=) g2< O*7
‘0

(8)and (8a) a~etheformulaswe alludedto. The saneconsid-

erationalsoholdstruefora morecomplicatedsystemof wings+

It istruethattherighthandlimitin (8)is thensomewhat

changed.Buttlienewvalueis notgreatlydifferentfromit and

thefirstexaminationcanbemadewithformula(8)

77?0FortheCa.proniseaplane~ = ~082= 0.68

Thatis abouttlielimitsetby (8a). Itwouldbe necessary

thereforeto

thetriplane

be’unusually

examinetheeffectivenessof a tailplanebe-hind

morecarefully.In anycase,thistailplanemust

largein orderto neutralizetheconsiderablede-

creaseof theeffectiveangle

Now”the’Caproniseaplane

triplaneandwe thereforecan

sider,on theotherhand,the

of attackcausedby thedownwash.

hasno tailplanebehindthethird

omitthisexamination.Ifwe con-

thirdtriplaneto actas a big

tailplane,wehaveonlyto takeintoaccountthewingareain

frontof it. Thisis only2/3of thecompletearea;thatis>
S2

‘b is only.43anditmaybe possiblethatthebalancirigcap-

acityof thisbigtailplanewouldbe sufficient.Butwe see

thateventheti~”areainfrontof thelasttriplaneisby no

meansverysmallwhencomparedwiththelimitdeterminedabove.



However~thethirdtriplaneactsonlyas a tailP1=A6 tUl-

dertheconditionthatitsactualangleof attackis consider-

ablysmallerth~ thoseof thetwoothertriplanes.Thefirst

twotriplanesmustsupportthecraftalmostby themselves.The

centerof gravityaccordinglymustliebetweenthefirsttwOtri-

plsmes,at leastnearthemiddlepointbetweenthem. The arrang-

ementsof thedifferentpartsof theCaproniseaplane$however,

indicatethatthecenterofgravitydoesno%liethere,butthat

itis in theneighborhoodof the s~oondtriplane.Thethirdtri-

planeis not constructsd as a tailplanebut is designedto sup-

portone-thirdof the craft.Thiscanbe seenfromthephoto-

graphsof theseaplane. ,

The centerof gravityof the emptyhullis obvioxslynear

thesecondtriplane.The100passengersseemtobe distri~ted

alo~~thehull; itslength,accordingto thephotographs,is

akaut&l ft., itsbreadthseemsto be normorethan8 ft. The

floorareais about480”sq.ft.,thatis,noteven 5 sq.ft.for

onepassenger.It cannotbe muchless. Thewindowsof thehull

also justify theassumptionthatthewholeis occupiedby thepas-

sengers=Theweigh&sof thethreetriplamesobviouslyareequal,

andtheirpositionsaresuohtha~theircommoncenterof gravity

is in theneightmrhoodofthesecondtriplane.Thecrafthas

eightengineswhichdrivesixpropellers.Thephotographshows

fourenginesdrivingthreepropellersin frontof andwithinthe

firsttri~lane~andan ecpal~gregateatthethirdtriplane.

Theircommoncenterof gravityalsoliesin the;eighoorhoodof
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themiddleof theseaplane.Thereremainsonlythefuel. Its

wei~t evenatthebeginni~~of theflightis notgreatenough

to changethepositionof thecenzerofgravityverymuch. If

thenumber of passengers is really100,thecrsftcanonlycar-

xy a smallquantityof fuelin anycase. At theendofthe

flighttheweightof thefuelis certainlysmall,andthenit

can notinfluencethepositionof thecenterof gravityconsid-

erably.

We thinkthatby sllthesefactsthepositionof thecen-

terof gravityin themiddleof thecrsftis sufficientlyder

monstrated.Inthiscasestheseaplaneis excessivelyunstable,

Ii isnotnecessaryto riienzionthattheinstabilityof the

threesin~letriplanesaddsup amdis inno way counterba,lsnced.

ThethreetriplsiiesfQrm as itwere~onebigwingwhichas a

w-holeis unstable beyondmeasure.

In a certainstateofflightlettherebe equilibrium,no

matterwhetherproducedby theeffectof thectmtrolsorbydif-

ferentanglesof attackofthetriplsnes.Now$lettheangle

of attacktobe sli~htlyincreqsedandconsidertheincrease

of theliftofthethreetriplanesas a consequence.In this

paperwe int~ndto stiplifythetheoreticalconnectionsas far

aspossi~le~preferrin~greaterclearnessto a greaterexactness

intheresult.Forthis

wingor triplaneinduces

andin fact$theinduced

reason,it willbe assumedthatthe

no downwashon my winginfront’ofit,

downwashin frontis notgreat. The

inducedangleof attackonthewingbehindit Shallbe assumed

to be twicetheself-inducedangleof attack.
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LetAa be the increase of the angle of attack. Thein-

creaseof

planesis

anglesis

theactualangleof attackof eachof thethreetri-

ider.ticalwithL a , ‘outtheincreaseoftheeffective

smaller.Forthefirsttriplanetheincreaseof the

self-inducedangleof attackis

Aai= ~
●n ●~. L#31,say=m A$

1

where A ~ denotestheincreaseof theeffectiveangleof at-
1

tackand
.

Hence,theincreaseof theeffectivean~leof attackis

A~ =Aa-1 m A p , andtherefore1

A~= A a
l-l-m (coxpare(5)).1

The secondtri~lanenotonlyexperiencestheincreaseof

itsself-inducedanglebf attackm . A ~ but alsotheinduc-

tionof thefirsttriplane ~ mA Pl=-a A,a. Theincreasel+m
of itsinducedzngleof attackis

2m Aa+m A~=
l+m

.
.

.

Forthethizdtriplanewiththe increaseof theinduction

41ilmA~ +Aa[—- 4$ ]= Au-A$
3 l+m (~~ 3

.
. .

theincreaseis“
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Theliftof thethreetriplanesincreasespzoportionally:to

thesecalculatedincreasesof the anglesof attack.Ifthe cen-

terof &ravityis assumedtobe situatedat the secondtriplane,

theincreaseoftheliftofthethirdtriplanedoesnotcounter-

balancethatof thefirst. If thedistsncesbetweenthethree

triplanesareequal.anddenotedby 1 thereremainsa mOment

whichisnotcounterbalanced

M= lAa. 5.73g - q
[*F-- *)” 1

where,S/3istheareaof onetriplaneandq thedynamicalpres~

sure.

FortheCaproniSeaplane

= 57s3. s + 57.3 & .7770 = 0.4m —.
10‘i-r3t? 10TT 1082

M= Aa-l- q ● 7,100!
,

Forq = 20 s~tc, ~ = 14 ft.,we obtain

M= Aa. 1,980,000lbs.ft.

Themoxentof inertiaof the seaplmewithrespectto thecenter

of gravityandthehorizontalaxisfromleftt0 ri$@tma~’hot!’bb

verydifferentfrorn150,000lbs.ft. sect Thetimerequiredto

increasea deflectionto the !rellfoldof theoriginalvalueis .

/

150,000 = .27sec.
1,980,0004
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Theinstabilitydueto sectionsof thewingsis nottakenin”tio

accounti~.thisdiscussion.

In spiteof thisgreatinstability,thereisno dazgerif _ ,

theangleof attackhasbecomeveryhighg For at a veryhigh

angleof attacktheliftofthefirsttriplaneceasesto increase

andthentheairpl~eis in stableequilibrium.Therecanhow-

everbe no stabilityforsmallan;les;andin thismannerthe

accidentis saidto haveoccurred.

Thecalculationwhiohwe havemadedoesnot claimto give

an accurateresuit. It is onlyroughlymade. Theentiretheory

of stsbilityisnotyetveryfardeveloped.We donotevenknow

howgreatan instabilityis allowablewithoatendangeringthe

airplane.

Experiencehas shown,however,thatan airplane.
lowedto be onlysli~htlyunstable.Theinstability

changeof theoenterof pressureof thewingsis too

win be al-

dueto the

greatal-

readyandmustbe counterbsl.anced, Theprecedingcalculations

showthattheCaproniSeaplane‘wasexceedinglyunstable.An

accidentas thatwhichreallyoccurredat oneof thefirstflights

or atthefirstflightperhaps$is not,therefore,surprisingor

unexpected.
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